The crystal structure of RU60358, C 20 H 21 NO 3 , has been determined using X-ray diffraction to establish the configuration and stereochemistry of the molecule around the C15-C16 triple bond. The compound crystallises in the orthorhombic space group P2 1 2 1 2 1 , a = 7.7575, b = 11.3182, c = 21.3529Å, V = 1874.80Å3 and Z = 4. The structure has been refined to a final R = 0.068 for the observed structure factors with I ≥ 3σ (I). The refined structure was found to be significantly non planar. A comparative study, using the ab initio calculations of the structure at B3LYP/6-31G** levels of theory, shows good geometrical agreement with the X-ray diffraction data. Standard deviations between the calculated and experimental bond values have been shown to be 0.01 Å and 0.5° for bond angles. Vibrational wavenumbers were obtained from a normal mode analysis using the ab initio calculations.
Introduction
The structures of pyrethroids compounds obtained from experimental X-ray diffraction data has been investigated by several authors [1] [2] [3] [4] . Considerable progress has been made in relating the structure of pyrethroids with their biological activity, but improvement of such concepts requires reliable information on molecular shape (configuration, bond lengths and angles and conformation).
Biological activity in pyrethroids is related to molecular structure and depends strongly on the stereochemistry adopted by the asymmetric centers [5] [6] [7] . In this context the compound RU60358 appears as an useful intermediate in the synthesis of some pyrethroid insecticides [8] . The study of the conformation of this molecule may yield information about the mechanism of its biological activity [9, 10] . In this paper, we propose a comparative study between the experimental X-ray diffraction data and the optimized geometry predicted from ab initio molecular orbital calculations performed on the compound RU60358. Vibrational wavenumbers were then consequently predicted and correct assignments obtained.
RU60358

Results and discussion
Description of the crystal structure
The displacement ellipsoid plot with the numbering scheme for the title compound is shown in Figure 1 . Figure 2 shows a perspective view of the crystal packing in the unit cell. Selected X-ray diffraction data summarize bond lengths in Table 1 and bond angles in Table 2 . 
Optimized geometry
Calculated geometric parameters at B3LYP/6-311G** are equally displayed into Tables 1 and 2 . From the theoretical values, it is noteworthy that most of the optimized bond lengths have slightly larger values than the corresponding experimental ones, due to the fact that theoretical calculations imply isolated molecules in gaseous phase state while experimental results refer to molecules in the solid state. Comparing theoretical bond angles with those given in experimental data, the B3LYP calculated values correlate in a good agreement. In spite of the differences, calculated geometric parameters represent a good approximation and can provide a starting point to calculate other parameters, such as vibrational wavenumbers, as will be described below.
Vibrational wavenumbers
The theoretically derived DFT vibrational wavenumbers corresponding to the optimized geometry can be expressed in the more convenient internal coordinate space for a description of the potential energy distribution (PED) via the Redong Program [11] . This algorithm uses least square methods to fit the theoretical vibrational wavenumbers to the experimental ones by introducing scaling factors associated to the various types of force constants. Table 3 displays the potential energy distribution among internal coordinates obtained for the scaled DFT normal modes analysis (scaling factor = 0.962). This last value is currently recommended to obtain correct vibrational wavenumbers and adequate assignments of the PED [12] .
The νC=N stretching mode of the imine part is generally observed in the 1665-1675 cm-1 range by Raman spectroscopy. The presence of neigbouring aryl groups lowers this value by 10-20 cm-1. Using a general scaling factor of 0.962 leads to the 1594 cm -1 DFT theoretical wavenumber (1657 cm -1 without scaling). This assignment is in accordance with the Raman wavenumbers as reported by Dollish et al. [13] . respectively, these two wavenumbers being very close to the experimental data (300-340 cm -1 ).
For the aromatic part of the molecule, we can observe a rough accordance between the DFT predicted wavenumbers (and corresponding vibrational assignments) and the experimental data obtained from vibrational analyses on benzene derivatives [14] . The pyrethoid molecule displays numerous and complex mixings of vibrational modes between the two rings and their substituents.
The ν8 degenerate (8a, 8b) mode (in Wilson's notation) [14] implying νCA-CA ring stretching From DFT vibrational analyses, out of plane γCH motions display in and out of phase motions depending on the ring. These modes are predicted at 819 and 825 cm -1 . Other contributions to the out of plane motions have been also obtained theoretically at 887 and 933 cm -1 . An attempt to assign these wavenumbers to the ν5, 10a and 10b normal modes as observed for benzene derivatives [13] [14] [15] remains however difficult. (tBu) : Tertiobutyl group. ring 1 is defined by atoms C 1 , C 2 , C 7 , C 8 , C 9 and C 10 . ring 2 is defined by atoms C 2 , C 3 , C 4 , C 5 , C 6 and C 7 # CA-H out of plane bending (in phase in each ring but out of phase between rings) ## CA-H out of plane bending in phase for both rings. ν : stretching modes (νs : symmetric, νa : antisymmetric) δ : in plane valence angle bending, (δs : symmetric, δa : antisymmetric). τ, γ, ρ : torsion, out of plane wagging and rocking deformations respectively (*scaled vibrational frequencies originate from application of a general scaling factor (0.962) applied to all types of internal force constants).
Experimental Section
X-ray structure determination
A needle-shaped crystal of dimensions 0.32 × 0.27 × 0.10 mm was mounted on a Philips Enraf Nonius four-circle diffractometer. Data were collected with MoKα radiation. Intensities for 3082 reflections were measured by the ω/2θ scan method, scan width = 1.4°, scan speed 0.02°s-1 and 0 < h < 10, 0 < l < 15, 0 < k < 30. Lattice parameters from 25 reflections (2 < θ < 30). Three standard reflections monitored every two hours, no significant variation was observed. The data were corrected for Lorentz and Polarization effects, but not for absorption or extinction. The structure was determined by considering 1583 reflections with
The structure was solved by direct methods implemented in Shelxs [16] . A Fourier synthesis revealed the complete structure, which was refined by full-matrix least squares. All non-H atoms refined anisotropically. The H atoms were located from a difference Fourier map and included in the refinement with the isotropic temperature factor of the carrier atom. Fig. 1 shows the atomic numbering of the molecule.
The final least-squares cycle using Shelxl [17] gave R = 0.068 for all reflections with Atomic scattering factors for heavy atoms were taken from International Tables for X-ray Crystallography [18] while the factors for H were those of Stewart, Davidson & Simpson [19] . A summary of the key crystallographic information is given in Table 4 .
Crystallographic data has been deposited with the Cambridge Crystallographic Data Centre with the deposition number CCDC 272 478. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Computational methods
Molecular modeling, geometry optimizations, harmonic wavenumbers for the normal modes of vibration and force field in cartesian coordinates were calculated on RU60358 using the Density Functional Theory and the B3LYP [20, 21 ] (Becke's three parameter Hybrid Functional using the LYP correlation Functional) functional together with the 6-31G(d,p) basis set. Such combination is being used with good results for organic molecules [22] and hydrogen-bonded systems [23] [24] [25] , and represents a good compromise between economy of computational resources, accuracy and applicability to many-atoms molecules. All the calculations were made with the Gaussian 03 set of programs [26] . Ab initio geometry optimization on RU60358 was performed starting from the geometry found in the X-ray refinement. 
Extinction
No extinction correction applied
